Background: The Functional Assessment of Multiple Sclerosis (FAMS) is widely used in clinical trial programmes; however, it was developed before the rise in trials targeted at early stage multiple sclerosis (MS) and clinically isolated syndrome (CIS). Objective: The aim of this study was to assess the psychometric properties of the FAMS within two clinically distinct populations, CIS and early relapsing-remitting MS (RRMS), and discern the appropriateness of the FAMS within these populations. Methods: Secondary analysis was conducted on FAMS data from two clinical trials assessing interferon beta-1b in early RRMS and CIS. The statistical analysis assessed the scale acceptability, reliability, validity and responsiveness of the FAMS. Item response theory (IRT) was also conducted on the early RRMS sample in order to assess how well the FAMS discriminated amongst individuals with less severe MS. Results: Results from both trials demonstrated an improvement in the FAMS psychometric properties with increased baseline disease severity. However, high ceiling effects were evident amongst less severe patients, and there was an overall lack of responsiveness to improvement and poor construct validity. IRT also demonstrated its lack of discrimination/sensitivity in early RRMS. Conclusions: In trials involving patients with early stage RRMS and CIS, modifications to the FAMS based on a qualitative assessment of its content validity in these populations would be required in order to potentially improve the FAMS psychometric properties and sensitivity.
Introduction
Patient reported outcome (PRO) assessments of healthrelated quality of life (HRQL) are increasingly incorporated into clinical trials. 1 A number of generic and disease specific HRQL measures are widely accepted for use in the multiple sclerosis (MS) population, 2 and there is evidence that such measures are more capable of capturing the overall impact of MS compared with some clinical or physical disability scales, such as the Expanded Disability Status Scale (EDSS). 3, 4 Given the increased use of HRQL measures, and the potential for PRO-related labelling or promotional claims in MS, it is imperative that measures used in clinical trials are appropriate from both conceptual and psychometric perspectives.
One of the most widely used PRO measures in MS is the Functional Assessment of Multiple Sclerosis (FAMS). 5 However the FAMS was developed before the rise in trials targeted at early-stage MS and suspected prodromal MS. Thus, whilst the psychometric properties of the FAMS within an MS population have been demonstrated, [5] [6] [7] [8] all validation studies to date have involved patients with moderate to severe MS (mean EDSS ratings 3.5-6.4). There has been no investigation of the psychometric properties of the FAMS in an early MS population or in people with clinically isolated syndrome (CIS). The latter is unsurprising given that a clear official definition of the term CIS was only established after the development of the FAMS; as described in the European Medicines Agency (EMA) draft and final guidelines on the treatment of MS. 9, 10 Given increasing clinical research in the field of treatments for early stage MS and patients with CIS, it is essential that the appropriateness of the FAMS is established if it is to be used in these trials.
This report details secondary analysis of FAMS data from two clinical trials assessing interferon beta-1b (IFNb-1b) in two distinct populations: one comprising a baseline CIS sample (BENEFIT), [11] [12] [13] and one with an early MS sample (BEYOND). 14 The aim of this analysis was to assess the psychometric properties of the FAMS in previously unrepresented populations. In addition to conventional psychometric methods, item response theory (IRT) was also conducted on the early MS population sample. IRT analysis is increasingly being applied to PRO questionnaire development, evaluation and refinement, 15 and has been integral to the development of new PRO databanks such as the PROMIS project. 16 The application of IRT analysis in the present study was conducted in order to assess how well the FAMS was able to discriminate amongst individuals with less severe MS. This represents a novel approach to the analysis of MS PRO data, because whilst the use of IRT on the FAMS has been recommended, it has not yet been reported, to our knowledge. 8 
Materials and methods

Samples
The BENEFIT study assessed early versus delayed treatment with IFNb-1b in patients with CIS and a minimum of two clinically silent lesions on brain MRI. The initial study was a double-blind, placebocontrolled, randomized control trial; the study duration was until first relapse or, at maximum, 2 years. The 3-year follow-up study included 89% of the original sample, was open-label, and offered active treatment to all those previously in the placebo group. The valid baseline FAMS sample included 349 adult patients, of whom 340 patients provided valid end of study (5-year follow-up) or 'last observation carried forward' FAMS data.
The BEYOND study compared IFNb-1b dosages (250 mg vs. 500 mg) in treatment naı¨ve patients with early relapsing-remitting MS (RRMS). It was a double-blind, prospective, multicentre, randomized trial; the study duration was at least 2 years, continuing until the last patient had completed 2 years. At baseline the BEYOND sample included 1644 adult patients from the IFNb-1b treatment arms who provided valid FAMS data, and of these 1590 patients provided valid end of study or last observation carried forward FAMS data.
Full descriptions of the BENEFIT and BEYOND trial designs and samples are provided elsewhere. [11] [12] [13] [14] 
Measures
The following three measures were utilized in the analysis: the FAMS, the EDSS, and the Multiple Sclerosis Functional Composite (MSFC). 17 The FAMS is a selfreported multidimensional index of HRQL comprising a total of 58 items on the following subscales: mobility (7 items), symptoms (7 items), emotional well-being (7 items), general contentment (7 items), thinking and fatigue (9 items), family/social well-being (7 items), and additional concerns (14 items). Each item is rated on a 5-point scale (0-4); after reverse scoring negatively worded items, a higher score reflects a higher quality of life. Each domain can be scored and a total score can be derived by summing all domains except 'additional concerns', giving a possible range of 0-176. A trial outcome index score (TOI; 0-148) can also be derived by summing the mobility, symptoms, thinking and fatigue, and additional concerns domains.
The EDSS is a physician-completed rating system for classifying the extent of MS related impairment, which ranges from 0 (normal neurological exam) to 10 (death due to MS). The MSFC is a clinical test battery devised for use in MS trials and consists of three functional tests: a timed 25-foot (7.6 m) walk (ambulation), the 9-hole peg test (arm function) and the paced auditory serial addition tests (PASAT; cognitive function). The ambulation and arm function tests are measured in seconds and the PASAT is scored by the number of correct responses. Each test score can be standardized and the sum of these standardized scores provides the MSFC total score.
The EDSS ratings were used to stratify each of the samples, and relevant MSFC data were used to assess concurrent validity in the FAMS mobility and thinking and fatigue domains, and the total and TOI scores.
Statistical analysis
The psychometric properties of the FAMS were evaluated using four standard statistical assessments in each of the samples: data acceptability, internal consistency reliability, construct validity, and responsiveness. Data acceptability was determined by examining score distributions; acceptability is supported when observed scores are well distributed, mean scores are near the scale mid-point, and floor and ceiling effects are below 15%. 18 Internal consistency reliability was determined using Cronbach's alpha coefficient; an alpha value of 0.70-0.90 was used as a guideline for determining that a subscale or score was internally consistent, 19 without being overly homogenous. 20 Construct validity assesses the extent to which an instrument measures or correlates with the concept it purports to measure. The total and TOI FAMS scores validity was determined by examining the extent to which they correlated with the MSFC total scores; the validity of the Mobility and 'Thinking and fatigue' domains were determined by examining the correlations with the MSFC ambulation and cognition tests, respectively. Responsiveness was examined by comparing baseline and end of study or last observation carried forward FAMS scores, by EDSS progression groups using paired sample t-test, and standardized response means. Three groups were created based on input from clinicians: worsened (EDSS increased by >0.5 from baseline), stable (no EDSS change or 60.5 from baseline) and improved (EDSS decreased by >0.5 from baseline). The standardized response mean (SRM) is an effect size measurement which reflects the ratio of the mean score change to the standard deviation (SD) of the score change. There are no definitive standards for the SRM, but it has been suggested that Cohen's standard effect size model applies, with small, moderate and large responsiveness corresponding with SRMs of 0.20-0.49, 0.50-0.79 and 0.80 or more, respectively. 21, 22 In all instances the analyses were conducted on each trial sample as a whole and also on each trial sample split into two baseline EDSS groups: 0-1.5 and 2þ. This split indicates the point at which the EDSS rating includes minimal disability and thus permits further investigation of the validity of the FAMS within the early MS population.
In addition to the above, the BEYOND data set was also investigated using item response theory (IRT), which was conducted in order to examine the extent to which each domain was able to discriminate amongst high functioning (low severity) patients with MS. Prior to analysis each domain was assessed to ensure it complied with the IRT uni-dimensionality assumption, using exploratory factor analysis (EFA). Given the ordinal response options in the FAMS, each domain was then calibrated using a graded response model. 23 Calibration refers to the process of creating a metric for the latent trait of interest (e.g. Mobility); the responses to all items in the domain of interest are calibrated to create a standardized metric (commonly depicted as u) with a mean of zero and standard deviation of 1. The value of u (plotted on the x-axis) reflects the value of the latent trait (e.g. Mobility). Test information curves were generated for each domain in order to visually assess the level of discrimination/reliability in the FAMS domains amongst high functioning individuals. Higher information denotes more precision (reliability) for measuring a person's trait level (e.g. Mobility) . Thus, the test information curves illustrate whether a domain is reliably measuring u (or the FAMS domain of interest) at the less severe end of the spectrum.
All of the standard psychometric analyses were conducted using SPSS; version 17. The IRT analysis was conducted using M Plus; version 5.21. Table 1 shows the characteristics of patients from the BENEFIT and BEYOND samples. Those in the BEYOND sample are older, and have a slightly higher EDSS median and range than those in the BENEFIT sample.
Results
Sample characteristics
Data acceptability
Data from BENEFIT were skewed towards better quality of life; no patients reported the most extreme impairment on any domain ( Table 2 ). In the EDSS 0-1.5 group, all domains had ceiling effects which exceeded the recommended maximum of 15% with the exception of 'general contentment' and 'additional concerns'. The EDSS 2þ group exceeded the recommended maximum ceiling effect in mobility, symptoms and emotional well-being. In both groups the level of missing data associated with each domain was negligible or none existent.
The BEYOND data were also skewed towards better quality of life. In the EDSS 0-1.5 group, four domains had ceiling effects which exceeded the recommended maximum: mobility, symptoms, emotional well-being and family/social well-being. However, in the EDSS 2þ group, four domains spanned the entire scale range (symptoms, emotional well-being, thinking and fatigue, and family/social well-being), and no ceiling effects exceeded the recommended maximum. In both groups the level of missing data associated with each domain was negligible or none existent, with the highest reported level of 1.2% for the 'additional concerns' domain.
Internal consistency reliability
Internal consistency estimates were mostly found to be acceptable ( Table 2 ). The exceptions were: 'thinking and fatigue' in the BENEFIT EDSS 2þ sample which exceeded 0.9, and 'mobility' in the BEYOND EDSS 0-1.5 group, which was just below 0.7.
Construct validity
There was little evidence of construct validity within the BENEFIT sample, with the highest correlation <0.4 ( Table 3 ). The pattern of results suggests improved validity with increased MS severity. However, the FAMS mobility and MSFC arm function correlation represents an anomaly, as the association between the FAMS score and MSFC assessment is greater amongst the less severe patients.
The BEYOND results demonstrated some evidence of construct validity, with two correlations exceeding 0.4. There was also a clearer pattern of improved construct validity with MS severity.
Responsiveness
Amongst the worsened group the BENEFIT EDSS 0-1.5 sub group mostly showed small effect sizes, but demonstrated moderate responsiveness on the 'symptoms' and 'thinking and fatigue' domains, and the TOI total ( Table 4 ). The EDSS 2þ subgroup demonstrated good responsiveness, with moderate to large standardized response means (SRMs) on almost all domains. Amongst the improved group all but one SRMs were lower for both EDSS subgroups. The BEYOND EDSS 0-1.5 subgroup showed poor responsiveness amongst the worsened and improved groups, with the majority of domains and totals demonstrating small SRMs. Symptoms in the worsened group and 'thinking and fatigue' in the improved group, represented the highest levels of responsiveness, but these values were not representative of the subgroup. The EDSS 2þ group showed higher effect sizes than the EDSS 0-1.5 group on all but one domain and totals in the worsened group. There was little difference in SRMs between the two EDSS groups in relation to those patients who had improved.
This appears contrary to the repeated measures t-test results, which are also presented for each trial subgroup in Table 4 . The pattern of significance of the t-tests results suggest the FAMS sensitivity to improvement increases with baseline MS severity.
Item response theory (IRT)
IRT uni-dimensionality assumption. The 'additional concerns' domain of the FAMS includes items from all six of the other dimensions and so is not uni-dimensional. Thus, in order to be able to utilize these 14 items in the IRT analysis, an EFA with varimax rotation was conducted on all of the items in the FAMS. A six-factor solution was imposed on the data, in line with the number of domains that exist in the original FAMS, and the 'additional concerns' items were allocated to one of the six FAMS dimensions if their factor loading was !0.4, the cut-off value utilized in the FAMS development paper. 5 One item loaded onto the general contentment domain and two items were shown to load onto each of the following domains: symptoms, emotional wellbeing domain, and family/social well-being. The remaining seven items did not sufficiently load onto any FAMS domain and were excluded.
Each of the six domains was then assessed for unidimensionality using EFA with a varimax rotation. In accordance with the Keiser Guttman criterion, 24 domains were considered uni-dimensional if the first factor was the only factor to have an eigen value >1; items were retained for a dimension if their item loading was ! 0.4. 5 Two domains required some items to be removed or the domains restructured. The 'thinking and fatigue' domain was found to consist of two dimensions: fatigue and cognition. As such the IRT analysis was conducted on a fatigue domain (5 items) and a cognition domain (3 items); one item did not load sufficiently onto either domain and was excluded. In addition, two items were excluded from the family/social well-being domain due to insufficient factor loadings.
IRT calibration. Each domain was calibrated at baseline using a graded response model, 23 the aim was to identify whether each domain could discriminate amongst individuals at higher levels of functioning by examining their test information curves (TICs). A high level of information suggests high discrimination or high reliability to discriminate. In accordance with the scoring of the FAMS, higher functioning is depicted by positive standard deviations in the standardized metric created for each latent trait (e.g. Mobility). As illustrated in Figure 1 , almost all domains failed to demonstrate the ability to discriminate amongst individuals with higher levels of functioning (SD > 1). The fatigue and general contentment domains did demonstrate reasonable discrimination around 1 SD above the mean, but this dropped dramatically by 2 SDs. The TIC information value can also be regarded as a measure of the reliability to discriminate, where reliability ¼ 1 À error variance or 1 -(1/information). As such, the TICs demonstrate low levels of reliability at 1 SD above the mean (0.5-0.6) for all domains except fatigue and general contentment which demonstrate good reliability ;0.80; however, in all instances reliability drops to zero at 2 SDs above the mean. Table 5 provides standardized indicators of the ranges of persons on a given dimension and associated item difficulties.
Discussion
This study assessed the psychometric properties of the FAMS within two distinct populations, CIS and early RRMS, with an aim to discern the appropriateness of the FAMS in trials involving these populations. Whilst the FAMS has been demonstrated as a valid and useful instrument for many years, there have been a number of changes relating to the treatment of MS, and the use of PROs, that postdate its development and require consideration. Recent years have seen a higher proportion of trials focusing on CIS and early treatment of MS. Treatments for MS such as IFNb-1b have been approved for use within CIS populations. In addition new guidance has emerged from regulators regarding the use of PROs. 25, 26 This indicates a need to reassess the measurement properties of the FAMS in people with suspected prodromal disease. This study provided one step towards this reassessment, with an evaluation of its psychometric properties amongst patients with CIS and early MS. Traditional psychometric analysis of the CIS (BENEFIT) sample demonstrated good internal consistency on all domains for the sample as a whole and for each EDSS subgroup. These results, however, need to be considered in light of the high proportion of ceiling effects reported; these ceiling effects may over-inflate the levels of internal consistency. In addition, the ceiling effects indicate a lack of sensitivity or granularity of items at the higher level of functioning / lower level of impairment. This lack of granularity could also contribute to an explanation of the poor construct validity demonstrated by the FAMS in this population: in both EDSS subgroups the associations between MS functioning, as measured by the MSFC, and FAMS scores were small at best. However, the EDSS 2þ group did show higher correlations in almost all instances, suggesting that the FAMS construct validity improves amongst those with higher EDSS ratings, in line with the population used for its development.
The FAMS responsiveness results for the CIS population demonstrated some ability to detect change amongst those patients whose disease worsened. The EDSS 2þ group showed greater effect sizes than those in the EDSS 0-1.5 group, which may suggest an improvement in the FAMS ability to detect change when MS is more severe. However, neither EDSS subgroup demonstrated the FAMS ability to detect improvement. In the EDSS 0-1.5 group, even small effect sizes were rare, and whilst the EDSS 2þ group demonstrated higher effect sizes, no domain exceeded a small effect. The t-test results largely supported the SRM findings, with some evidence of significant improvement in four domains of the EDSS 2þ improvers group. This lack of sensitivity to detect improvement in the CIS population is likely to be explained by the high level of ceiling effects reported at baseline. However, this low sensitivity to change is also in line with a previous study assessing a more advanced MS population, 6 which suggests this problem may extend beyond the CIS population.
The early MS (BEYOND) sample had a broader range of MS severity at baseline in the EDSS 2þ group than in the CIS sample (2-6.5 and 2-4, respectively), with higher median EDSS ratings (3 and 2, respectively). As suggested above, the traditional psychometric analyses, and the IRT analysis conducted on this early MS population, both suggested an improvement in the psychometric properties of the FAMS with increased disease/functioning severity.
The traditional psychometric analysis of the EDSS 0-1.5 group demonstrated good internal consistency, but as with the CIS population this was coupled with high ceiling effects, no evidence of construct validity and little evidence of responsiveness to improvement. However, unlike the CIS EDSS 0-1.5 group, the ability to detect decline in the early MS population was also poor, with only two domains demonstrating a small effect. This difference across populations could be due to the time difference in the trials and the baseline populations. The CIS trial (BENEFIT) was conducted over five years, permitting greater potential for decline from baseline to end of study compared to BEYOND, which was conducted over two years. Furthermore, the CIS populations decline over that five-year period could be more severe due to the potential for progression from CIS to clinically definite MS, which occurred for 49% of the sample.
The performance of the EDSS 2þ group amongst those with early MS, was superior to the 0-1.5 group; in line with expectations that the FAMS performance would improve with MS severity. There was good internal consistency on all domains, and no domains demonstrated ceiling effects above the recommended maximum of 15%. 18 There was also some evidence of construct validity for the mobility domain, due to its correlation with the MSFC ambulation assessment. However, the natural restriction in range of FAMS and MSFC scores amongst the EDDS 0-1.5 group compared to the EDSS 2þ group (with an EDSS range of 2-6.5) may also contribute to the differences in correlations between the subgroups.
The responsiveness analysis also demonstrated small to moderate effect sizes for detecting EDSS progression. Again, the effect sizes seen in BEYOND were not as high as those recorded in BENEFIT; however, as above, this can be explained in part by the trial length and study sample. The fact that both trials demonstrate a general pattern of increased effect size from the 0-1.5 groups to the 2þ groups supports the idea of an improvement in the FAMS psychometric properties with increased disease severity. However, even the early MS population's EDSS 2þ group did not demonstrate sensitivity to change amongst patients who improved from baseline to end of study, according to the SRM findings. The t-test results appear to suggest otherwise, with highly significant changes reported in the EDSS 2þ improvers group. However, the sample size differences between the EDSS 0-1.5 and 2þ subgroups are likely to be responsible for this pattern of results rather than the actual magnitude of change, which is better captured by the SRM values. Again, these results support previous reports of the FAMS low sensitivity to change, even amongst more advanced MS populations. 6 Given that 17% of the BEYOND population demonstrated improvement, an improved ability to detect change is necessary.
The IRT analysis supported the other findings. A reduced level of reliability was demonstrated at higher levels of functioning with only two domains, demonstrating sensitivity or reliability at 1 SD above the mean. There was no evidence of sensitivity or reliability in any domain at 2 SDs above the mean. The measures of model precision provide further support, suggesting greater sensitivity of the instrument at the more severe end of domain spectrums. As suggested by the traditional psychometric results, the IRT analysis highlights the need for greater sensitivity of items at higher levels of functioning.
Limitations
Owing to the MS populations under consideration and the post-hoc nature of this analysis, there are some limitations to be considered. Arguably, the method used to assess sensitivity to change in the current study was limited; the post-hoc nature of the analysis prevented the employment of a more robust method, such as a patientbased anchor method. While a 0.5 change in EDSS was selected based in clinician input, the impact of a 0.5 change on a patient is not uniform across the EDSS scale, and applying this criterion to those with low EDSS scores may limit the extent to which the FAMS scores would be expected to change. However, as previous assessments of the FAMS sensitivity to change found similar results using a patient-based anchor approach, 6 this study's limitations are unlikely to fully account for the FAMS low sensitivity to change results. Furthermore, as alluded to above, when examining the assessment of construct validity, consideration must be given to the fact that a natural limitation of focusing on particular strata of MS severity is that it imposes a restriction in the range of scores. As such, this restriction may in part account for the low correlations in both samples overall and the higher correlations in the EDSS 2þ groups compared to the EDSS 0-1.5 groups.
Conclusions
The FAMS may remain a valid and useful instrument in moderate to severe MS; however, given the increased emphasis on trials investigating early treatment in MS and CIS populations, it is imperative that the instruments utilized in such trials are psychometrically valid. Both the CIS and early MS samples included in these analyses support the improvement of the FAMS psychometric properties with increased baseline disease severity. However, the high ceiling effects at low EDSS levels coupled with the persistent lack of responsiveness to improvement and poor construct validity suggest that the FAMS is not functioning amongst those with less severe MS. Based on these results and recent guidelines on PRO development and use, 26 it seems that further qualitative research to establish the content validity of the FAMS in CIS and early MS populations is required before any further statistical psychometric evaluations are conducted. This work to establish the relevance of the FAMS concepts/items and make any required modifications is imperative if the FAMS is ever to be used as a clinical trial endpoint in these populations.
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